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Abstract: Noninvasive identification of canine articular cartilage injuries is challenging. The objective
of this prospective, cadaveric, diagnostic accuracy study was to determine if small field-of-view, three
tesla magnetic resonance imaging (MRI) was an accurate method for identifying experimentally induced
cartilage defects in canine stifle joints. Forty-two canine cadaveric stifles (n = 6/group) were treated
with sham control, 0.5, 1.0, or 3.0 mm deep defects in the medial or lateral femoral condyle. Proton
density-weighted, T1-weighted, fast-low angle shot, and T2 maps were generated in dorsal and sagittal
planes. Defect location and size were independently determined by two evaluators and compared to
histologic measurements. Accuracy of MRI was determined using concordance correlation coefficients.
Defects were identified correctly in 98.8% (Evaluator 1) and 98.2% (Evaluator 2) of joints. Concordance
correlation coefficients between MRI and histopathology were greater for defect depth (Evaluator 1:
0.68-0.84; Evaluator 2: 0.76-0.83) compared to width (Evaluator 1: 0.30-0.54; Evaluator 2: 0.48-0.68).
However, MRI overestimated defect depth (histopathology: 1.65 ± 0.94 mm; Evaluator 1, range of
means: 2.07-2.38 mm; Evaluator 2, range of means: 2-2.2 mm) and width (histopathology: 6.98 ± 1.32
mm; Evaluator 1, range of means: 8.33-8.8 mm; Evaluator 2, range of means: 6.64-7.16 mm). Using the
paired t-test, the mean T2 relaxation time of cartilage defects was significantly greater than the mean
T2 relaxation time of adjacent normal cartilage for both evaluators (P < 0.0001). Findings indicated
that MRI is an accurate method for identifying cartilage defects in the cadaveric canine stifle. Additional
studies are needed to determine the in vivo accuracy of this method.
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Table 2: Experimental Group Assignments 490	
Group Number of Stifles Defect Location Defect Depth 
1 6 Medial femoral condyle 0.5 mm 
2 6 Medial femoral condyle 1.0 mm 
3 6 Medial femoral condyle 3.0 mm 
4 6 Lateral femoral condyle 0.5 mm 
5 6 Lateral femoral condyle 1.0 mm 
6 6 Lateral femoral condyle 3.0 mm 
7 6 Sham operated control No defect 
Total 42   
 491	
  492	
Table 3: Correct Determination of Defect Status 493	
Sequence Evaluator 1 Evaluator 2 
Fast-low angle shot (FLASH) 41/42 (97.6%) 42/42 (100%) 
T1-weighted 42/42 (100%) 39/42 (92.9%) 
Proton density-weighted 42/42 (100%) 42/42 (100%) 
T2 map 41/42 (97.6%) 42/42 (100%) 
Total 166/168 (98.8%) 165/168 (98.2%) 
494	
Table 4: Defect Measurements  495	
 Defect Depth (mm) Defect Width (mm) 
 Evaluator 1 Evaluator 2 Evaluator 1 Evaluator 2 
Histopathology 1.65 ± 0.94 6.98 ± 1.32 
Fast-low angle shot 
(FLASH) 
2.11 ± 1.23 2.16 ± 1.27 8.73 ± 1.56 6.64 ± 1.36 
T1-weighted 2.07 ± 1.18 2.16 ± 1.66 8.66 ± 1.49 7.17 ± 3.18 
Proton density-
weighted 
2.07 ± 1.21 2.00 ± 1.20 8.80 ± 1.34 7.13 ± 1.24 
T2 map 2.38 ± 1.07 2.20 ± 1.17 8.33 ± 1.44 7.16 ± 1.38 
 496	
  497	
Table 5: Concordance Correlation Coefficients Comparing MRI and Histopathology Defect 498	
Measurements 499	
 Defect Depth Defect Width 
 Evaluator 1 Evaluator 2 Evaluator 1 Evaluator 2 
Fast-low angle 
shot (FLASH) 
0.8081 0.7854 0.2991 0.4818 
T1-weighted 0.8355 0.7976 0.4309 0.6837 
Proton density-
weighted 
0.8064 0.8324 0.2998 0.5207 
T2 map 0.6830 0.7595 0.5395 0.6201 
 500	
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Table 6: Concordance Correlation Coefficients Comparing MRI Measurements between 502	
Evaluators 503	
 Defect Depth Defect Diameter 
Fast-low angle shot (FLASH) 0.8993 0.2936 
T1-weighted 0.9481 0.3414 
Proton density-weighted 0.9531 0.3408 
T2 map 0.9349 0.5965 
 504	
  505	
Table 7: T2 Relaxation Times of Articular Cartilage Defects and Adjacent Normal Cartilage 506	
 Evaluator 1 Evaluator 2 
Cartilage Defect (ms*) 690 ± 379 336 ± 190 
Adjacent Normal Cartilage 
(ms*) 
53.1 ± 9.4 46.9 ± 15.7 
*ms: milliseconds  507	
Figure Legends 508	
Figure 1: Custom designed drill bits, depth collars, and handle assembly. A) 7.94 mm diameter 509	
tungsten carbide drill bits coupled with 3 mm, 1 mm, and 0.5 mm depth limiting collars were 510	
used to create defects in the cartilage and subchondral bone of canine stifles. B) Each drill bit 511	
and collar was secured to a custom handle, designed to ensure minimal pressure was transferred 512	
to healthy cartilage adjacent to each defect bed. 513	
Figure 2: Canine cadaveric osteochondral defect model.  Canine cadaveric stifles were treated 514	
with sham control (not shown), A) 0.5 mm defects, B) 1.0 mm defects, or C) 3.0 mm defects to 515	
the medial or lateral femoral condyles and evaluated via MRI and histology.  Top panels: gross 516	
photographs of surgical defects.  Middle panels: small field of view (7 cm) sagittal plane proton 517	
density-weighted MRI sequences of representative defects.  Bottom panels: Hematoxylin and 518	
eosin stained histologic sections were used to determine ‘gold standard’ reference values.  Bar = 519	
1 mm. 520	
Figure 3: MRI appearance of osteochondral defects.  A) MRI appearance of sham operated 521	
control (A) when viewed using fast-low angle shot (FLASH), T1-weighted, proton density-522	
weighted, and T2 Map images, 0.5 mm defects (B), 1.0 mm defects (C), and 3.0 mm defects (D).  523	
Arrows denote central most aspect of defect. 524	
Figure 4: Incorrectly identified defects.  A) Fast-low angle shot (FLASH) image of a 0.5 mm 525	
defect in the medial femoral condyle. B) T1-weighted image of a 0.5 mm defect in the medial 526	
femoral condyle. Arrows denote central most aspect of defect.  Both defects were incorrectly 527	
identified as controls (no defect). 528	
Figure 5: Dorsal plane fast-low angle shot (FLASH) image of a medial femoral condyle defect.  529	
A susceptibility artifact (arrowhead) near the defect (arrow denotes center of defect) made 530	
identification of defect margins difficult and may have contributed to altered correlation 531	
coefficient values between MRI defect width measurements and histopathology defect width 532	
measurements. 533	
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